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Abstract:
The Plant Protection Intern has many duties, including monitoring the Arboretum
collection for pests and diseases. On June 24, 2002, the previous Plant Protection Intern, Sasha
Eisenman, alerted me of an abundance of mealybug egg sacs on several specimen plants. It soon
became evident that these egg sacs were in almost every section of the Arboretum and were
hatching. The basic principles of Integrated Pest Management (IPM) were implemented to
observe and record information about these pests and to determine the best way to control the
population surge. Samples were sent to the USDA Systematic Entomology Lab in Beltsville,
MD and identified by Gary Miller as two different pests, the Japanese mealybug (Planococcus
japonicus) and a Phenacoccus species. This is the first record of the Japanese mealybug in
Pennsylvania. However, the Phenacoccus species is the pest that appears to be spreading more
rapidly throughout the collection. After identifying the pests, several goals were established
including determining the biology and life cycle of the pests, what factors caused the population
explosion of 2002, and how debilitating the damage from this pest may be. An evaluation of the
azaleas in the collection was performed to determine if heavily infested plants had the same
parents or place of origin. A treatment plan will be established describing the safest control
methods based on the pest’s life cycle and plant priority. Limited information and limited time
hamper efforts to observe a complete cycle of these pests’ lives, yet enough information was
gathered to understand the potential threat of these mealybugs and the need to control them in the
future. Observations will continue throughout the season until the Phenacoccus species is
completely identified and the biology of both pests is understood.
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METHODS AND MATERIALS
The basic principles of IPM were practiced by monitoring and taking samples from infested
plants weekly and noting any changes in the mealybug’s appearance or behavior. Growing
degree-days were also recorded at the time of each significant change. The insects were
observed closely under the microscope and photos were taken as well. I consulted with several
entomologists, pathologists, and Penn State extension agents to collect data about mealybugs
including Dr. Ann Rhoads, Jim Stimmel, Greg Hoover, Dave Suchanic, and Dr. Casey Sclar. Dr.
Rhoads observed all samples weekly and helped determine what was being seen in the field and
in the lab. The others provided me with suggestions and general information about mealybug
biology, damage and control.
After determining which areas of the Arboretum were most affected, I alerted each section leader
to the problem. A list of all affected plants with accession numbers was delivered to Paul Meyer,
Dr. Ann Rhoads, Tony Aiello, Vince Marrocco, Kate Deregibus, and Iana Turner. In response to
this information, the decision was made to treat many of the infested plants with Merit, a
systemic pesticide, as a soil drench in late July/early August. Because the damage was most
visible on the azaleas, almost all azaleas in the collection were inspected and an evaluation was
performed to determine which cultivars were most damaged and if they shared the same parents.
Gary Miller, a support scientist at the USDA Systematic Entomology Laboratory in Beltsville,
Maryland, provided mealybug identifications. Specific instructions from the ScaleNet website
(http://www.sel.barc.usda.gov/scalenet/scalenet.htm) were followed when labeling and shipping
the pests. Single specimens were placed into vials of alcohol and sent to the lab.
Once the pest was identified, ScaleNet also provided information on locations of previous
infestations and literature sources. Elinor Goff, the Arboretum plant recorder, and the section
leaders then supplied the locations from which the most infested plants had been purchased. All
sources were contacted and questioned. Other research was performed to determine how
mealybugs affect plants, what factors make a plant more susceptible to infestation, and the
general life cycle of the pest.
RESULTS
Identification
By mid-August, very active adult mealybugs were discovered on the spider azaleas, two of the
most damaged plants in the collection. After consulting with Jim Stimmel and Dr. Rhoads, at
least four adult female mealybugs were sent to the USDA Systematic Entomology Lab in
Beltsville, MD to obtain a positive identification. On September 23, Gary Miller of the USDA
lab e-mailed the confirmation that the insect was Planococcus japonicus, the Japanese mealybug,
the first recorded infestation of this pest in Pennsylvania.
The genus Planococcus has a worldwide distribution of at least 40 species, at least three in North
America and two in North Eastern North America on woody and herbaceous host plants.
However, only Planococcus citri has been thoroughly studied. Many Planococcus species

(including P. japonicus) are intercepted on material entering the USA or the UK. The most
serious outbreaks occur when these pests are transported to new countries due to the lack of
natural enemies and predators. Control is also delayed by incorrect identifications. According to
Cox, the identification of Planococcus species is difficult because structural characteristics may
vary with environmental conditions and distinguishing characteristics may be different for
different stages and sizes of individuals. The identification of the Japanese mealybug has also
been difficult due to the common confusion of Planococcus japonicus with Crisicoccus azaleae,
distinguished only by the loss of a few physical features in Crisicoccus (1989).
This information sparked the question of how the pest got to the Arboretum, so the investigation
began to determine the source of the pest. All possible sources were contacted, which were
located through ScaleNet and Morris Arboretum plant records.
The Japanese mealybug is recorded as having caused a heavy infestation on Rhododendron
indicum at the National Arboretum, Washington D.C., in 1978. It was found on camellias and
zelkovas there as well. The insect was imported to the National Arboretum from Japan on azalea
bonsai plants. In 1986, the pest was found on an azalea in Maryland in a town very close to the
National Arboretum. It is occasionally intercepted by agricultural quarantine on plant material
from Japan. The Morris Arboretum has over 300 accessioned plants from the National
Arboretum, many of them azaleas and many received as plants, not seed. Barbara Bullock, the
current azalea specialist at the National Arboretum, confirmed that they still do have a mealybug
problem on their azaleas, especially those in containers.
To ensure that all of the mealybugs in the collection were being properly identified, a second set
of samples of eight separate mealybugs from the Morris Arboretum was again sent to the USDA
Systematic Entomology Lab on October 28, 2002. Gary Miller identified the last samples as a
different species of mealybug, Phenacoccus spp. Two common Phenacoccus species are pests
in Southeastern Pennsylvania, Phenacoccus aceris (the apple mealybug) and Phenacoccus
dearnessi (the two-circuli mealybug). Adult female samples will be sent to the USDA lab for a
definite identification as soon as they mature.
Host Plants
Now that the pests have been identified, section leaders have acknowledged their presence for at
least four years. Interns as far back as the late 1990s have documented similar pests on the same
plants. At the Morris Arboretum, the Japanese mealybug is only confirmed to be on one plant,
Rhododendron linearifolium, the spider azalea. In Scale Insects of Northeastern North America,
Kosztarab documented other host families to include Aceraceae, Carpinaceae, Euphorbiaceae,
Rosaceae (pear), Taxaceae, Theaceae (camellia), and Ulmaceae (zelkova) (1996).
The second mealybug has spread throughout the Arboretum onto many different plant families
including Caprifoliaceae (viburnum), Cornaceae (dogwood), Ericaeae (azalea hybrids,
enkianthus), Hamamelidaceae (witch hazel, fothergilla, corylopsis, parrotia), Hydrangeaceae
(Snow Queen hydrangea), and Styraceae (Japanese Styrax).
Dispersal

Dispersal is mainly passive by wind, water, soil, plants, birds, and the hair of animals. Cuttings,
nursery stock, and human clothing have also spread many mealybug species. Although
mealybugs remain active throughout almost their whole life, and can move from plant to plant or
plant part to plant part, the most important dispersal mechanism is wind. Studies have shown
that crawlers can be carried considerable distances on wind currents. Survival of crawlers
depends on several factors, especially temperature and humidity. Crawlers are proven to survive
better in moist air. They wander for a day or so after hatching, and 80% settle within 24 hours.
Most crawlers move upward on the plant to the youngest, most tender leaves, which are the
preferred feeding sites. This behavior also brings them to the tops of plants where those that
have not settled can be dislodged by air currents. Also, ants often move honeydew-producing
mealybugs to new host plants or to an over-wintering shelter.
Life Cycles
There are two different pests, therefore two life cycles were observed and two treatment plans
were established. The major differences between the two insects are color, type and appearance
of wax production, and behavior patterns. The observations were performed and recorded by
Sasha Eisenman and myself. Following the basic principles of IPM (Integrated Pest
Management), the insects’ behavior and appearance were closely watched and the Growing
Degree Days (GDD) were measured. Growing Degree Days measure temperature and are a tool
used to determine the most effective treatment options.
Phenacoccus sp.
March 11: adult mealybugs were discovered; GDD (Growing Degree Days): 40-71, 43-55, 47-38, 50-28
April 23: egg sacs discovered; GDD: 40-562, 43-458, 47-346, 50-276
June 18-July 8: egg sacs hatched throughout Arboretum; GDD: 40-1755, 43-1496, 47-1185, 50-974
Mid-August: yellowish crawlers are clustering around buds, twig bases, and branch crevices
September 27-Oct-1: widespread molt throughout the Arboretum; shed skins are easily seen and freshly
molted mealybugs are in a strange, slow state; GDD: 40-5198, 43-4627, 47-3902, 50-3384
September 30: an unidentified predator was found on the Japanese styrax (most likely a beetle larva);
very similar in appearance to the Phenacoccus species
October 9: crawlers producing a thicker, whiter wax coating and are very visible to the naked eye; almost
all are off leaves and into bark crevices and cracks
October 16: crawlers are actively feeding still; difficult to pull front part of bodies away from branches;
GDD: 40-5575, 43-4947, 47-4151, 50-3584
October 28-29: crawlers have moved from leaves on deciduous plants, yet remained on leaves of
evergreens; ants present on the twigs of heavily infested plants
November 11: throughout the collection, male mealybugs (confirmed by G. Miller and J. Stimmel) are
beginning to produce long, fine, waxy filaments

November 15: on plants, like the Cumberland azaleas, the mealybugs retreated all the way to the base of
the plant after leaf drop and were extremely white and noticeable
November 18: GDD: 40-5749, 43-5074, 47-4229, 50-3636; found azalea bark scale among a large
cluster of mealybugs; it was dark colored with waxy spikes on its back
November 19: insects collecting in groups covered with thicker, waxy filaments; these coverings were
actually attached to the branches and when lifted, not only released mealybugs but mites as well
January 16: mealybugs well protected in bark crevices
January 21-23: male mealybugs molting, pushing shed skins out behind the waxy cocoon they have
produced around themselves; a few mealybugs without the waxy filaments were observed near
aggregated groups of mealybugs with the filaments
Jan 23: discovered an overwintering azalea bark scale actively feeding (stylet inserted) on snow azaleas,
one of the plants most heavily infested with mealybugs
Planococcus japonicus
July-August: crawlers coated the newest leaves of the spider azaleas. When observed under a
microscope, the yellow insect bodies dominated the green of the leaves.
August 9, 15, 28: adult female mealybugs (confirmed by Gary Miller of the USDA lab) collected from
spider azaleas; GDD: 40-3713, 43-3289, 47-2758, 50-2383; they were dark pink with a thick, very waxy
gritty coating and were very mobile
September 5: adult female mealybug found
Nov 14: abundant amount of mealybugs still on leaves and nestled around buds; throughout the season,
copious amounts of waxy fluff (different than the wax filaments produced by Phenacoccus) surrounded
the more mature mealybugs around the flower buds and leaf bases
November 18: GDD: 40-5749, 43-5074, 47-4229, 50-3636
December 2: several different life stages are now present; some more mature than others; fuzzy material
all around buds where the mealybugs have been living; molt material?
December 12: these mealybugs were not producing waxy filaments; were dark pink with gritty white wax
December 17: discovered yellowish mealybugs producing waxy filaments right next to the darker pink
Japanese mealybugs; the spider azaleas now have BOTH mealybugs
January 16: what appeared to be a shed skin was among the waxy fluff

January 22: another shed skin observed
January 23: abundant amount of shed skins; mealybugs very active immediately upon being brought
indoors

Other notes:
Mites co-existed with both species and sought protection in the mealybug wax throughout the
season. Many of the plants suffered from multiple infestations, as well as drought and extreme
temperatures. The larger mealybugs have been noticed on the most damaged and declining
azaleas (e.g. the spider azaleas, the snow azaleas). On relatively healthy plants, the mealybugs
are not as advanced. Temperatures changed dramatically throughout the end of the season,
fluctuating from the high fifties to the low twenties, but January has been consistently cold.
DISCUSSION
Factors affecting the size of a mealybug population
Immature and adult stages of mealybugs have a close relationship with host plants and their
immediate environment. Therefore, the rate of growth and development are influenced both
directly and indirectly by many environmental factors, such as temperature, humidity, rainfall,
wind, and soil conditions. Other common influences that interact with and control mealybug
populations include the use of insecticides, host plant nutrition, host plant physiology, and
maintenance.
Since the interaction between the pest and the host plant is so close, the insect’s rate of growth
depends largely on the quality of the plant sap. Mealybugs depend on nitrogen for growth and
small changes in the nitrogen content of the sap can have large effects on population growth
rates. Water stress can modify the nitrogen balance. Ben-dov notes that while under water
stress or drought conditions, “plants mobilize nitrogenous compounds in order to change the
osmotic pressure in the phloem” (1997). Several studies show that for a certain amount of time,
water stressed trees and shrubs might have enriched phloem sap with a much higher amino acid
concentration, stimulating increased population growth rates of the insect. Since nitrogen
fertilizers have a similar affect to that of water stress by making more soluble nitrogen available,
it is not surprising that changing the soil fertility also changes the population growth rate. Bendov also suggests that changes in the potassium (K) balance can affect mealybug populations.
Due to several complex physiological factors acting together, potassium appears to reduce the
soluble nitrogen fraction in plants. Therefore, applying K to potassium poor soils has proven to
be a good way to reduce scale and aphid populations (1997).
Damage
Mealybugs feed on many vascular plants and cause significant economic damage on various
ornamental and agricultural plants directly and indirectly. Direct damage occurs as a result of
feeding, the penetration and damage of plant tissues by the insects’ mouthparts and the removal
of resources needed for plant growth. Indirect damage includes the contamination of plant
surfaces with honeydew and sooty molds and the transmission of arthropod-borne pathogens or
viruses.
At the Arboretum, the most visible damage has occurred on the azaleas. The spider azaleas, the
only known plants to have the Japanese mealybug, have exhibited extreme tip dieback, reduced

leaf production, and general decline. The other azaleas, especially those in the azalea meadow
and the parking lot, have distinctive chlorotic spots and dieback, depending on the size and the
length of the infestation. Many azalea twigs and branches are coated with sooty mold from the
honeydew production of the mealybugs. Over the past several years, most of the plants in the
collection have suffered from drought stress, weakening them to the mealybug infestation. The
larger plants, although heavily infested, did not exhibit the same symptoms and were consistently
less severely affected.
The chlorotic spots on the leaves appeared wherever the crawlers were feeding and are believed
to be a toxic reaction to the mealybug’s saliva, which is injected into the plant tissue as they feed.
As mealybugs feed, their mouthparts, or stylets, penetrate the phloem and take up plant sap as
food. This disrupts plant tissues in the vicinity of the stylets and results in localized damage to
vascular tissues and the associated photosynthetic tissue. Feeding by individuals produces very
localized effects, but the extent of damage during heavy infestations can be considerable. The
build-up of damaged tissues can cause the phloem and cambium to malfunction leading to stem
dieback.
The removal of sap represents a drain on resources intended for new growth, for translocation,
for use elsewhere within the plant, or for storage. The extent to which plant function is disrupted
depends on factors like the availability of resources to the plant and the density of the insect
infestation. Large infestations can affect the whole plant by draining resources, limiting plant
growth, reducing competitiveness, and affecting responses to subsequent environmental stresses.
Indirect effects on plant growth involve the excretion of honeydew. Phloem sap is an
unbalanced diet for mealybugs, typically limited in nitrogenous compounds yet containing
excessive carbohydrates, which are excreted as honeydew, a favorable substrate for the growth
of sooty molds. Heavy encrustations of sooty molds on leaves and stems cause an unsightly,
blackened appearance of many mealybug-infested plants. Sooty mold can also disrupt light
transmission on contaminated leaves, reducing the functional photosynthetic leaf area. Leaf
production and leaf area decrease as the level of infestation rises, while the proportion of leaves
lost increases. Ant attended plants have reduced honeydew and sooty mold accumulation on
leaves.
The impact of shoot herbivores, like mealybugs, on root growth has been greatly underestimated
and neglected due to the difficulty of measuring root growth. Although root system changes are
unseen, roots appear to be affected to an equivalent or even greater degree than shoots. In
addition to the direct drain on resources imposed by the insect, severe effects on root growth and
function reduce the ability of the plant to take up nutrients and water, further limiting growth. A
decrease in root production can also make a plant susceptible to additional environmental and
cultural stresses.
Another important aspect to consider is that severe infestations can change the shape and
architecture of the plant. This is caused by altered patterns of allocation at the level of the entire
plant (root-shoot ratio) or of individual shoots (relative sink strength and dominance of
meristems). Changes in root-shoot ratio occur because photosynthetic sources supply the
carbohydrate demands of the shoot and, therefore, the insect population, prior to meeting the

demands of the below-ground sinks. Consequently, the drain caused by mealybug feeding
results in less assimilate becoming available for root growth.
Ben-dov reported that the effects of mealybug feeding are similar to adding extra within-plant
sinks. The allocation of resources among shoots depends upon demands exerted by competing
meristems and the relative strengths of plant and insect “sinks”. The strength of plant sinks on
infested shoots progressively weakens as an infestation develops because a higher proportion of
resources is diverted from the shoot to the insect population. When the insects divert enough
resources to cause death of a leading apex, the removal of apical dominance encourages lower
branches or regenerative shoots to grow (resources permitting). This causes distortion in the
shape of the tree or shrub. Such changes in the pattern of resource allocation have consequences
not only for the shape of the plant, but also for the subsequent survival and distribution of the
insect population (1997).
Factors Affecting Plant Responses
Many factors, genetic and environmental, influence responses of plants to a mealybug
population, specifically the species of plant and the insect involved. Even within a species there
can be genotypes differing in susceptibility.
Pheno-immunity is an environmentally induced physiological resistance to particular insects.
Host plants can show varying degrees of susceptibility to particular species of insects. Plants can
be heavily infested in one area, but appear immune to attack or only lightly infested in other
areas. It is not uncommon to find a heavy infestation on only one or two plants of the same
species growing side by side. Also, a plant may be susceptible to mealybug infestation one year
and apparently immune the next. Some plants are permanently genetically immune; others are
always susceptible, while still others fluctuate.
The host plant’s response to a mealybug infestation is influenced by its current state (e.g. size,
age, health) and by the growth conditions that it is currently experiencing (e.g. availability of
nutrients, water, light, presence of herbivores) or has previously experienced (e.g. stored
resources). Older larger plants seem to be more tolerant of heavy infestations. It takes less time
and smaller populations to inflict noticeable damage on smaller plants. However, if the
infestation is accompanied by adverse environmental conditions such as drought, then older
plants suffer more dramatically.
Another important factor is the size and duration of the insect infestation. There is often a
negative correlation between plant growth and the size of the insect population. Plant growth
declines as infestation increases. More insects result in a larger drain of resources. However,
dense populations that lower host quality can have a negative impact on the insect population in
several ways. Stem dieback and leaf abscission can cause direct mortality of these insects.
Death or decline of plant parts reduces the availability of suitable feeding sites for subsequent
generations.
Ants have both beneficial and detrimental effects on host plants. They can enhance mealybug
growth and survival by stimulating feeding rates and by deterring the natural enemies of scale

insects. However, they can also benefit plants by reducing sooty mold by feeding on honeydew
and deterring other herbivores.
Evaluation of Mealybug Infestation on Azaleas of the Morris Arboretum
Elinor Goff produced individual maps of the azalea meadow beds (plus other areas with azaleas
in the Arboretum). The parentage and native region of each plant was researched and the
mealybug infestation of each was rated as low, medium, or high. Evergreen azaleas were the
most heavily infested plants, specifically the Ryukyu Group, which includes the snow and spider
azaleas. All hybrids bred from R. kaempferi, R. obtusum, R. indicum, and R. indica, including
the Kurume hybrids and all of the Glenn Dale hybrids, had high populations of mealybugs.
Almost all deciduous azaleas had low populations that appeared to have been carried to them
recently by wind, bird, animal, or human, because few egg sacs were present. The exceptions
were R. japonicum, R. amagianum, R. prunifolium, and R. bakeri, which all had a significant
mealybug population.
Prevention
Prevention of any insect infestation is a very important concept and a continuous challenge for
plant growers. Plants that are purchased or received as gifts should be checked for pest
infestation. If infested, they should be destroyed or isolated until successfully treated. Remove,
destroy, and dispose of infested plants. Do not compost or propagate infested plants.
Non-chemical Control
If possible, use resistant plant species and cultivars. Non-susceptible plant varieties and cultivars
carry genetically based resistance against some insects. Often the thickness and waxiness of the
plant cuticle and the chemical composition of the plant sap are the basis for their resistance.
Always provide optimal conditions for plant growth with proper cultivation practices.
Mechanical removal of mealybugs from infested plants can be done at a small scale with an old
toothbrush or a soft cloth with soapy water to wash off egg sacs. Yellow sticky strips can catch
and kill many of the flying adult males.
Biological Control
There are many natural enemies, predators, and parasites of mealybugs and other soft scale
insects including birds, squirrels, true bugs, lacewings, thrips, fly larvae, moth larvae, earwigs,
spiders, and mites. The largest group of parasites of soft scale insects is the chalcidoid wasps,
specifically from the families Encyrtidae and Eulophidae. The lady-beetle predator,
Cryptolaemus montrouzieri (introduced by Koebele from Australia in 1892), attacks mealybugs
in larval and adult stages. Unfortunately, high mortality rates occur even in California, and the
predator is unable to maintain sufficient numbers over the winter to counteract the spring
mealybug production. These lady beetles are now mass reared, yet annual mass rearing and
liberation is very expensive. Many natural enemies have already been imported and released in
the Northeastern North American region. For example, chalcidoid wasps have been imported

into Virginia to control the San Jose scale (Encarsia perniciosi) and the white peach scale
(Encarsia berlesei).
Chemical Control
Apply chemicals as a last resort only after following several guidelines based on the basic
principles of Integrated Pest Management (IPM). First, identify the pest species by sending a
sample to local experts. Then research information on the pest’s biology and life cycle. For
outdoor species, note the number of generations per year, egg hatching dates, and the appearance
dates of the crawlers in your area. If using non-systemic products, time the applications to the
appearance of crawlers for the best results. If it is windy, rain is expected, or if natural enemies
of the insect are active, delay chemical application. Watch for nearby infested plants that may
act as pest reservoirs and become sources of re-infestation of already treated plants. Only apply
chemicals when justified by economic levels of scale infestation.
Woody plants should be treated for mealybug or other soft scale insect infestations according to
season and insect life cycle. Dormant oil sprays could be used to challenge over-wintering life
stages, early spring emergence, and egg laying. Summer oil sprays and contact insecticides
should be applied when egg sacs hatch. It is most efficient and effective to control the first instar
emergence before they have produced a protective waxy cover. Systemic pesticides, if applied
as a soil drench or a soil injection, should be applied at least 60 days before hatch, so the plant
has adequate time to absorb the chemical. With the application of IPM programs, a number of
unnecessary chemical sprays can be reduced. New IPM possibilities involve the use of growth
hormones that are reported to be harmless to beneficial insects and the environment.
Various professionals suggested several treatment options including Sevin, neem oil, Tempo,
insecticidal soap, horticultural oil, and systemic pesticides. Several entomologists suggested
using horticultural oil to coat the crawlers, which are vulnerable for a significant length of time.
The few azaleas that were sprayed with oil exhibited phytotoxicity on parts of the plants
(distorted, abnormal foliage). These symptoms were enhanced by hot, droughty conditions. Due
to this potential for phytotoxic reactions, the horticulture staff decided to use a systemic
pesticide.
The horticulture staff treated many plants throughout the collection with Merit 2, which was
applied as a soil drench. Because soil applications of Merit are only effective if applied when the
soil is moist in the root zone of treated plants and remains moist for ten days following
application, plants received deep supplemental irrigation before and after applications.
Mealybugs are constantly infesting new foliage, so it is imperative that the plant has enough
water to transport the systemic throughout its system. However, at the time of application, the
entire state of Pennsylvania was suffering from extreme drought conditions. The ideal time to
apply Merit for warm weather pests is early spring, once the plant has begun to actively grow.
Our applications were made in late July and early August. Because of this timing, a portion of
the pesticide probably became bound to the soil and may be lost due to leaching through the fall
and winter. Although the product is not known to leach easily, six months may be enough time
to lose the bulk of its effectiveness before the plants begin growing in the spring. A few dead

mealybugs have been found, yet the heavily infested plants (which were the heavily treated
plants) still have a large population of active insects.
See Appendix A for detailed information about the functions and proper usage of Merit and
horticultural oil.
CONCLUSION
Weekly observations will continue to be made until adult males and females mature and produce
the next generation. The number of egg sacs will be closely monitored on treated plants to
determine the effectiveness of the Merit applications. More samples of adult females will be sent
to the USDA lab in Beltsville, MD to obtain definite identifications of the pests.
Unfortunately, this research project is to be presented before this season’s adult females can lay
eggs, so no final conclusions can be made. However, I learned an immense amount about
mealybugs and how they affect plants. On the basis of this knowledge and experience, I believe
that a treatment plan can be created from the current data and that the infestation of 2002 can be
halted and safely controlled. By learning and practicing the principles of IPM during this
internship, not only was a new pest identified and the stage set for control, but plants, people,
and science were brought together to obtain the most sensible answer to a problem. There will
always be new pests and new diseases afflicting plants. To gain the knowledge of how to
combat these problems when they occur, the Arboretum staff needs to continue monitoring,
observing, and learning. We can then teach others how to maintain their landscapes responsibly
and safely.
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APPENDIX
Although there are numerous mealybug treatments available, the Morris Arboretum horticulture
staff decided to use Merit, a systemic insecticide, and horticultural oil. The following paragraphs
describe these two products in more detail.
Merit

Common name: Imidacloprid
Chemical family: Chloronicotinyl Insecticide
Toxicity Category: Caution
Merit is a broad spectrum, systemic insecticide that is used for control in a variety of turf and
ornamental insects and is effective at extremely low rates. The active ingredient in Merit,
imidacloprid, is a systemic, chloro-nictotinyl compound. It was developed in 1989 by Bayer AG
and has become one of the most common active ingredients in insecticides around the world. The
chemical works by interfering with the transmission of stimuli in the insect’s nervous system.
This causes a blockage in a type of neuronal pathway that is more abundant in insects than in
warm-blooded animals, making the chemical selectively more toxic to insects. This blockage
leads to the accumulation of acetylcholine, an important neurotransmitter, resulting in the
insect’s paralysis and eventual death. It is effective on contact and via stomach action. In
general, Merit is effective at rates 85% to 96% lower than most currently registered insecticides.
This low use rate reduces risk to people and other non-target organism. Imidacloprid is highly
toxic to bees and fish. It should not be used near ponds!
Merit controls many pests—adelgids, aphid, borers, Japanese beetles, lace bugs, mealybugs,
sawfly larvae, thrips, whiteflies and many turf pests. It is absorbed into the vascular system of
the host plant yielding protection for an extended period of time. Merit can be applied by using
foliar sprays, soil injections, soil drenches, and broadcast sprays. Soil application to trees and
shrubs provides long-lasting control of labeled insect pests. Application is best done in fall, but
is also effective during spring dormancy, depending on the target pest. If sprayed, Merit can
provide 2-3 weeks of control. If applied as a root drench, Merit gives up to 12 months of control.
Soil treatments can reduce the chances of spray drift, reduce exposure to people/animals, allow
application on windy or drizzly days, reduce impact on foliage and foliage inhabiting beneficial
organisms, and allow systemic control throughout the plant. It is imperative that the treated
areas be moist for 7-10 days after treatment. In woody plants, systemic activity is delayed until
the active ingredient is translocated throughout the plant, which could take 60 days or longer.
For this reason, applications should be made prior to the anticipated pest infestation for optimum
levels of control.
The uptake of Merit is dependent upon several factors like plant size, plant condition, soil type
and environmental conditions. Plants must be actively growing to absorb the product!
Depending on plant species and size, translocation may require from 2 weeks to 3 months to
reach areas where pests are feeding (the larger the shrub or tree, the longer it takes). It is
essential that the seasonal occurrence of the pest be considered when timing soil applications.
Irrigation or sufficient rainfall after soil injection treatments helps roots absorb Merit and speed
the rate of plant uptake.

Merit 2, a fairly expensive liquid form, contains 2 pounds of imidacloprid per gallon. Since it is a
systemic product that will be translocated upward into the plant system by root uptake, Merit
must be placed where the growing portion of the target plant can absorb the active ingredient.
Nitrogen containing fertilizer may enhance the uptake of the active ingredient. According to
Greg Hoover, an entomologist from Penn State, organics tie up Merit in the soil (e.g. mulch), so
always pull mulch and leaf compost away from the base of the plant when using soil injections.
Horticultural Oil
Horticultural oils have been used as commercial sprays since the early 1900s. Almost all
commercially available horticultural oils are made from refined petroleum products. Vegetable
oils can also be used as insecticides, but the type of oil can greatly affect its activity. Cottonseed
and soybean oils seem to provide the best control. Compared to other pesticides, horticultural oil
is environmentally safe and provides excellent control against many insects, eggs, and mites. It
degrades quickly after application and does not require re-entry delays when applied. It is made
of the same basic agent as “baby oil” and is relatively safe for birds, reptiles, mammals, even
some beneficial insects, but not for fish or bird eggs. Recently, new refining techniques have
made oils safe during both the dormant and active growing seasons. These “new” superior oil
sprays are relatively non-toxic to humans, cost effective, and environmentally safe. Pest
resistance is unlikely to occur when using oils. For all of these reasons, horticultural oils are
highly recommended for IPM programs.
Horticultural oil acts against insects in several ways. Oil interferes with respiration by coating
the egg or breathing pores (spiracles) of an insect, hence they die by asphyxiation. Oils may also
act as poisons, interacting with the fatty acids of the insect and disrupting normal metabolism.
Overwintering insects require reduced amounts of oxygen, thus an increased dose of oil must be
applied. Oil also interferes with membrane function. Membranes of insect eggs or the insect
itself are thin and do not normally prevent oil from passing through them. Oil penetrates cells
and causes death when a large number of cells are killed. Oil has a mild residual effect against
certain sucking insects as well. Some aphids and leafhoppers are unable to feed because of oil
residue. However, this has limited effect and requires weekly treatments at low application rates.
Oils are sometimes used or applied to prevent transmission of viruses. Many viruses are spread
by aphids and can be inhibited by oils (“stylet oils”). Oils are also useful against powdery
mildew. Diluted oil mixed with a small amount of baking soda is effective.
Dormant oils dry slowly, are heavy with a high viscosity, and are applied in spring (March and
April) prior to bud break or in fall after leaf drop at rate of 3-5%. Dormant oils are typically
applied when temperatures will remain above 40 degrees F for 24 hours. Do not spray when
buds are fully open or shoot elongation is occurring. Fall oil applications are not recommended
because spraying deciduous trees just after leaf drop, before plants have “hardened off”, may
interfere with interior growth of the twigs. Spraying conifers in November and December
removes protective waxy bloom for winter protection. If applied before temperatures drop below
freezing, the emulsion in the oil breaks down, causing the oil to adhere to the bark instead of the
insects.

Summer oils, “superior oils”, began being developed in the 1980s. They have a lower viscosity,
are mixed with an emulsifier to ensure uniform coverage, and are highly refined. They are
usually applied at a label rate of 1-3% while plants are undergoing active foliar growth. Apply
summer oils on warm sunny days, typically June through August, when the relative humidity is
90% or less. They are labeled to be sprayed at 40-85 degree F with regular intervals between
treatments of one to three weeks. When the RH is below 50%, oils are safely applied at
temperatures above 100 degrees F! The faster the drying time for the oil, the lower the potential
for phytotoxicity. Oils should dry and evaporate within 1-2 hours. Try to spray as early as
possible before it gets too hot or late in the day when temperatures cool off. The potential for
phytotoxicity increases when summer oils are applied on overcast days, when drying time is
increased, when foliage is wet, during very high humidity, and following a rain. Also, don’t treat
water stressed plants or very young foliage. Spray foliage to runoff and keep monitoring to
indicate a need for a repeat application.
Summer oils are an important feature of IPM programs and allow the least disturbance to
beneficial insects. Oils are effective insecticides only as liquids, not after they have dried. Fast
moving species, like most beneficial insects, survive because they move away from the sprayed
area. Dry oil has no residual effect to harm them. Summer oil emulsions are noted to be
particularly effective in controlling mealybugs on ornamental plants.
Most horticultural oil can be mixed with insecticidal soap or an organophosphate insecticide,
often at a lower rate for synergistic effect. The combination of oil and soap is preferred by
many, including Morris Arboretum plant propagator Shelley Dillard, and is often more effective
than oil alone. Research also shows that regular use of oils may be useful as passive fungicides
against certain diseases, such as rusts and powdery mildew, because the oil protects foliar
surfaces against fungal growth and the formation of spores.
Other types of oils are also being considered. Extracts from seeds of the neem tree (Azadirachta
indica) have attracted attention. Several compounds like azadirachtin, found in neem seeds, have
proven useful as insecticides. Neem oil products are also effective against powdery mildew and
rust.
Phytotoxicity Potential
When using horticultural oils, follow certain environmental guidelines to prevent potential
phytotoxicity or foliar burn to plants. Minor symptoms of phytotoxicity include slight
discoloration, yellowing, leaf spots, or marginal browning. Major symptoms are defoliation and
twig dieback. Other symptoms include a water soaked appearance of leaves turning to dark
purple then leaf drop, spotty flowers if treating in bloom, and pitting and speckling of the foliage.
To prevent these symptoms, avoid overdoses and use proper concentrations according to the time
of year based on volume. Summer oils are usually mixed at a 1-2% rate (2 gal oil/100 gallon
H2O or 5 T /gal of H2O) and dormant oils are usually mixed at a 3-4% rate (3-4 gallons of
oil/100 gallons of H2O or 7.5 T /gal of H2O).
Studies about the effect of summer oil on plants have been performed by researchers at Cornell,
who applied summer oils at temperatures ranging from 20-90 degrees F without plant injury.

Other studies performed in Maryland were published in the Journal of Arboriculture. A 2%
spray of Sunspray 6E Plus horticultural oil was applied two, three, or four times to 52 species
and cultivars of nursery trees and stocks during the droughty summer months of 1988. The
researchers rated phytotoxicity monthly and found it NEGLIBLE. Growth effects were
evaluated in October and NINE species showed significant growth increases in treated plants!
One of the main concerns at the Arboretum is that certain azalea cultivars are listed as sensitive
to oil applications in summer. Other plants show detrimental effects like those with a blue
glaucous bloom. Oils remove the blue color, but untreated new growth will again be blue. In
general, hairy leaves are more oil-sensitive, because they retain the oil for a longer time.
Treating with a lower concentration can reduce the chances of a phytotoxic reaction. Test a small
section of any questionable plant at the hottest time of the day and watch for several days.

